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OBSTRUCTIVE SLEEP APNEA (OSA) IS A HIGHLY PREV� ALENT SLEEP DISORDER, AFFECTING AN ESTIMATED 3% TO 7% OF THE POPULATION. 1 OSA IS LINKED TO serious physical and psychological health problems, including impairment related to daytime sleepiness and fatigue. 2 The most common and effective treatment for OSA is continuous positive airway pressure (CPAP), which has been shown to decrease ap� neas and hypopneas, as well as to reduce oxygen desaturation throughout the night.
The terms sleepiness and fatigue are often used interchange� ably, and, although related, they are distinct constructs. 3 In pa� pa� tients with OSA, complaints of fatigue, tiredness, and lack of energy are equally if not more common than those of sleepi� ness. 4, 5 Recent meta�analyses have concluded that CPAP reduc� es subjective and objective daytime sleepiness when compared with pill placebo or placebo CPAP. 6, 7 However, despite the high comorbidity between OSA and fatigue, the ability of CPAP to treat fatigue has yet to be conclusively demonstrated. The few studies that have investigated the impact of CPAP treatment on measures of fatigue have produced mixed findings. 8�10 Derderian and colleagues used a no�treatment control study to investigate fatigue in 14 patients with OSA. Half of the sam� ple received therapeutic CPAP for 2 months, whereas the other half remained untreated. When compared with the no�treatment group, patients who received CPAP intervention showed sig� nificant improvement on the Profile of Mood States (POMS) fatigue subscale. 8 Findings from 2 double�blind, randomized, controlled trials (1� and 2�week interventions) conducted by our group found significant reductions in POMS fatigue scores regardless of whether patients were treated with therapeutic or placebo CPAP. 9, 10 The uniform decrease in fatigue in those stud� ies implied a nonspecific effect of treatment (i.e., a placebo ef� fect) on fatigue during the relatively short intervention periods.
Despite the importance of treating fatigue symptoms in pa� tients with OSA, it remains unclear whether long�term CPAP treatment has a therapeutic benefit on fatigue beyond placebo effects. To address this issue, we investigated levels of fatigue, energy/vigor, and daytime sleepiness before and after a 3�week intervention in patients with OSA. Patients were randomly as� signed to receive either therapeutic or placebo CPAP for the duration of the study. We hypothesized that therapeutic CPAP would be superior at reducing levels of fatigue and sleepiness and improving energy when compared with placebo CPAP.
METHODS

Patients
The study was approved by the University of California, San Diego, Human Subjects Committee. Written informed consent was obtained from all subjects before study participation began. Seventy�one patients with known or suspected OSA who had not received previous OSA treatment were recruited via adver� tisements, word�of�mouth referral, and referral from local med� ical practices in the San Diego area. Participants' ages ranged from 29 to 50 years. Body mass index (BMI) ranged from 20 to 50 kg/m 2 . Potential participants were excluded if they had a history of heart, liver, or renal disease; diabetes; psychosis; nar� colepsy; current alcohol or drug abuse; severe asthma; or cere� brovascular disease or were taking prescription medications. Women were excluded if pregnant. Patients who were taking hypertensive medications were withdrawn from their medica� tions with permission of their physician and followed during a 3�week washout period while being monitored by a study phy� �week washout period while being monitored by a study phy� sician. If blood pressure remained consistently below 170/105 mm Hg, subjects were entered into the study. The 2 subjects who were withdrawn from antihypertensive medications com� pleted the washout period without incident.
EFFECTS OF CPAP ON DAYTIME FUNCTIONS
Procedure
Potential participants contacted the lab and underwent an initial phone screening to determine eligibility. If it appeared that the subject met the inclusion criteria of the study, a prelimi� nary OSA screening was conducted with an unattended home sleep study (Stardust home monitoring system, Respironics, Inc., Murrysville, PA). Subjects with an apnea�hypopnea index (AHI) of at least 10 were given a provisional diagnosis of OSA and were invited back to be assessed with a 1�night standard regimen of polysomnographic sleep monitoring conducted at the UCSD General Clinical Research Center Gillin Laboratory of Sleep and Chronobiology. Those participants who had an AHI of at least 10 on the in�laboratory study were diagnosed with OSA and randomly assigned to receive either therapeutic CPAP or the placebo CPAP in a double�blind fashion.
All participants then spent a second night in the sleep labora� tory. Patients randomly assigned to receive therapeutic CPAP underwent standard CPAP titration. CPAP was started at a pres� sure of 4 cm H 2 O and was increased by 1� to 2�cm H 2 O incre� ments based on the presence of apneas, hypopneas, snoring, or respiratory effort�related arousals. Titration was considered successful when all significant respiratory events stopped and the patient had spent at least 15 minutes of sleep in the final CPAP level.
Patients randomly assigned to the placebo�CPAP group un� derwent a mock�titration night. The placebo�CPAP system was a modified version of the sham CPAP. 11 This placebo�CPAP con� sisted of a modified nasal or full face (nasal oral) CPAP mask with 10 one�quarter�inch drill holes to allow free exchange of air during inhalation and exhalation, plus a pressure reducer placed in the CPAP tubing. With this system, the CPAP gen� erator could be placed at any pressure to control for machine noise, but the pressure at the nose and mouth was 0.5 cm H 2 O during exhalation and 0 cm H 2 O during inhalation. Of impor� tance to the placebo�CPAP blinding, the subject was able to feel a gentle breeze at the nose. To control for CPAP�blower noise, the pressure was set at 8 cm H 2 O. In both treatment conditions, the CPAP systems were the same (ResMed S7 Elite CPAP with HumidAire 2i™ integrated heated humidifier; ResMed Corp. San Diego, CA). On the first night, the appropriate CPAP mask (therapeutic or placebo) was fitted, and the patient was trained on the use of the equipment.
After the titration night, patients in both groups were sent home with their assigned treatment equipment. Proper equip� ment use and setup was ensured by telephone calls and home visits by a sleep technician who was not involved in outcome assessments. The CPAP units each contained a hidden compli� ance clock that measured the amount of time the equipment was used at the designated pressure. Compliance data were down� loaded by the sleep technician at the end of the treatment period and were used to determine the average number of hours CPAP was used over the study period.
Upon completion of the 3�week treatment period, patients returned to the sleep laboratory for a final polysomnogram, per� formed while the patients were using their assigned therapy. All questionnaires were also repeated at this time.
Sleep Monitoring
For all overnight polysomnography studies, electroenceph� alography, electrocardiography, electrooculography, chin and tibialis anterior electromyography, pulse oximetry, nasal�oral airflow by nasal cannula pressure transducer and thermistor, and thoracic and abdominal respiratory effort were recorded on a Grass Heritage digital polysomnograph (Model PSG36�2, Astro�Med, Inc., West Warwick, RI). Recordings were scored by a trained sleep technician according to criteria from Re� chtschaffen and Kales. 12 Apneas were defined as decrements in airflow of at least 90% from baseline for a minimum of 10 seconds. Hypopneas were defined as decrements in airflow of at least 50% but less than 90% from baseline for a minimum of 10 seconds. Significant oxyhemoglobin desaturations were defined as transient drops in oxyhemoglobin saturation by at least 3% from baseline. The total number of apneas and hy� popneas per hour of sleep were calculated to yield the AHI. Participants with an AHI of 10 or more during the attended polysomnogram were considered to have OSA and were in� cluded in the study.
Sleepiness, Fatigue, and Vigor
Questionnaire data were obtained prior to study random� ization and after the 3�week intervention period, prior to the final polysomnogram. Questionnaires were administered by a research coordinator who was blinded to treatment condition.
The Multidimensional Fatigue Symptom Inventory-Short Form
The Multidimensional Fatigue Symptom InventoryShort Form (MFSI�sf) is a 30�item self�report measure de� signed to assess multidimensional aspects of fatigue. Items are rated on a 5�point scale, and respondents report how true each statement was for them during the previous week (0 = not all; 4 = extremely). Scores are summed to obtain sub� scale scores that include general fatigue, emotional fatigue, physical fatigue, mental fatigue, and vigor. The vigor sub� scale score is subtracted from the sum of the 4 fatigue sub� 4 fatigue sub� fatigue sub� scales to yield a total fatigue score. Subscale scores range from 0 to 24, and MFSI�sf total scores range from �24 to 96, with higher scores indicating more fatigue. 13 MFSI�sf total scores above 0.85 represent significant fatigue. 14 The MFSI� sf has been used extensively in multiple patient populations, including those with OSA. 5, 15 . In this sample, it showed good internal consistency (α = 0.84).
The Profile of Mood States
The Profile of Mood States (POMS) is an established mea� sure of psychological distress, which has shown high levels of reliability and validity. 16 The scale consists of 65 adjec� tives that are self�rated on a 5�point scale (0 = not at all to 4 = extremely). Patients respond to the question, "How often have you been feeling… during the past week in� cluding today?" The adjectives can be combined into 6 subscales, 2 of which were the focus of this study: (1) fatigue�inertia scale (range 0�28, with higher scores indi� cating more weariness, low energy, and fatigue) and (2) vigor�activity scale (range 0�32, with higher scores indi� cating more energy and vigor). 16 The subscales showed good internal consistency (POMS fatigue α = 0.91; POMS vigor α = 0.94)
The Epworth Sleepiness Scale
The Epworth Sleepiness Scale (ESS) is a well�validated questionnaire that assesses the likelihood of falling asleep in a variety of common situations. The scale consists of 8 items that are self�rated on a 4�point scale (0 = would never doze to 3 = high chance of dozing). Scores range from 0 to 24, with higher scores indicating more sleepi� ness. 17 In this sample, the scale showed good internal con� sistency (α = 0.88).
Data Analysis
A P value 0.05 or less was considered significant, and all testing was 2 tailed. Statistical analyses were per� formed using the SPSS statistical software package (SPSS for Windows 17.0; SPSS Inc.; Chicago, IL). Student t tests were used to compare groups on baseline characteristics with continuous outcome measures, χ² tests were used to compare multicategorical outcome measures. Differenc� es between the 2 groups over time were assessed using repeated�measures analysis of variance (ANOVA). This analysis allowed testing for a main effect of treatment (thera� peutic CPAP vs placebo CPAP), a time effect (prior to treatment and after 21 days of treatment), and the interaction of time by treatment. A time effect alone implies that the treatment effects were nonspecific (i.e., placebo effects). A treatment�by�time in� teraction implies that subjects responded to a specific treatment over time with a significant response.
RESULTS
Recruitment Profile and Patient Characteristics
The recruitment profile is shown in Figure 1 . Patient char� acteristics are presented in Table 1 . A total of 59 patients (29 therapeutic CPAP and 30 placebo CPAP) completed treatment. The groups did not significantly differ on baseline character� istics, including age, body mass index, sex, race or ethnicity, daytime sleepiness, fatigue, vigor, or AHI. The groups also did not differ in the number of nights they used the CPAP treat� ment during the course of the study (therapeutic CPAP = 18.82 ± 1.98 vs placebo CPAP 18.73 ± 2.68; P = 0.89). However, there was a significant difference in how many hours the groups used the CPAP each night. The therapeuticCPAP group used the treatment for an average of 5.46 ± 1.09 hours per day over the 3�week treatment period. In contrast, the placebo�CPAP group used treatment for longer periods each night, an average of 6.59 ± 1.40 hours per day (P = 0.01). Did not enter the study (n = 56) . The AHI reduction in the therapeutic�CPAP group indicated a significant change from baseline (P < 0.01), whereas the slight reduction observed in the placebo�CPAP group was not a sig� nificant reduction (P = 0.31).
Effects of Treatment on Daytime Fatigue and Vigor
Significant time�by�treatment interactions were observed for the MFSI�sf total score (P = 0.02) and the POMS fatigue subscale (P = 0.03). When compared with the placebo�CPAP group, individuals in the therapeutic�CPAP group evidenced a significant reduction in MFSI�sf total scores (see Figure 2 ) and POMS fatigue scores (see Figure 3) . A significant time�by� treatment interaction was also observed for vigor (P = 0.02), with the therapeutic�CPAP group reporting increased energy when compared with the placebo�CPAP group (see Figure 4) .
We also investigated whether there were fatigue and energy changes in the placebo�CPAP group (i.e., a placebo effect). Sig� nificant reductions in fatigue were not observed in the place� bo�CPAP group (P values > 0.36), nor did the placebo group demonstrate changes in energy/vigor (P = 0.20).
Effect of CPAP on Sleepiness
Significant time�by�treatment differences were not observed for the ESS scores (P > 0.05). Because the literature suggests that, the sleepier the patients feel before CPAP intervention, the greater their response to treatment, 6 we split our sample us� ing the ESS cutoff for excessive sleepiness (ESS ≥ 9). 17 The therapeutic�CPAP and placebo�CPAP groups did not differ significantly in terms of the proportion of excessively sleepy (55.9%) versus not sleepy (44.1%) participants (χ 2 = 0.06,
Effect of Treatment on Characteristics of OSA
As expected, after the 3�week intervention there was a signif� icant time�by�treatment interaction for AHI with the therapeu� tic�CPAP group showing significant AHI decreases (baseline 38.64 ± 24.28 vs posttreatment 6.25 ± 6.47), compared to AHI in the placebo�CPAP group (baseline 31.67 ± 18.72 vs post� creases in two independent measures of fatigue and an associ� ated increase in vigor, lend support to the finding that CPAP treatment significantly decreases fatigue and increases energy in patients with OSA. We also observed that individuals who were excessively fatigued at the study onset received greater therapeutic benefit from treatment with CPAP, as compared with those who were not experiencing clinically significant lev� els of fatigue at study onset. Several studies have shown large changes in sleepiness in patients with OSA treated with therapeutic CPAP. There are two main differences between those studies and our own. First, in� vestigations that have observed significant reductions in sleepi� ness recruited participants who were excessively sleepy. 7 Our patients' ESS scores (mean = 10.2) were 35% to 40% lower than the scores of patients with OSA who have been recently studied.
18�20 Second, studies that have observed reductions in sleepiness have generally employed a longer treatment protocol than did our study, raising the possibility that longer treatment may be necessary to reduce sleepiness. 18�20 Although we could not lengthen our treatment protocol, we did investigate whether initial sleepiness level was predictive of treatment response. We found that excessively sleepy subjects treated with therapeutic CPAP showed a significant reduction in ESS scores, compared with those subjects treated with placebo CPAP. No significant changes in sleepiness were observed in participants who were not excessively sleepy at the start of treatment. These results lend support to previous work suggesting that, the sleepier pa� tients are at the onset of treatment, the greater their sleepiness scores decline over time.
The groups were comparable in terms of days that they used CPAP during the study period, but the placebo group used the CPAP for more hours per night. This may have been a chance observation. On the other hand, one could also speculate that the CPAP group experienced such benefit from treatment that they did not feel it necessary to be as conscientious about com� pliance. Nonetheless, the compliance level in both groups was good, exceeding 4 hours per night.
We acknowledge several limitations of the current investiga� tion. First, the population under study was free from other ill� nesses. Although all participants suffered from OSA, they may not represent the typical patients at a sleep medicine center, who are more likely to have comorbidities, such as diabetes or symptomatic coronary disease. Our patients, nonetheless, had unquestionable and moderately severe OSA (AHI > 30). Sec� ond, our treatment period of only 3 weeks was relatively short. P = 0.81). To test for a specific effect of treatment in both groups, we conducted a repeated�measure ANOVA with ESS scores as the outcome mea� sure. Results of the ANOVA showed a significant time�by�treatment effect in the excessively sleepy group (F 1,31 = 7.54, P = 0.01, η 2 = 0.19), whereby the therapeutic CPAP group had significantly re� duced ESS scores in comparison with the placebo group (see Table 2 ). In contrast, the time�by�treat� ment interaction in the nonsleepy group was not significant (F 1,24 = 1.35, P = 0.26, η 2 = 0.05).
Exploratory Analyses
As noted above, CPAP was effective in reduc� ing sleepiness in those subjects with high levels of sleepiness before commencing treatment. We next investigated whether this finding was also true with regard to fatigue. First, we in� vestigated changes in the MFSI�sf, stratifying individuals as either fatigued or nonfatigued based on the MFSI�sf clinical cutoff score for fatigue (0.85). The proportion of excessively fatigued (59.3%) versus not fatigued (40.7%) participants did not differ significantly between therapeutic� and placebo�CPAP groups (χ 2 = 0.18, P = 0.67). To test for a specific effect of treat� ment in the high� and low�fatigued groups, we conducted a repeated�measure ANOVA with MFSI�sf scores as the outcome measure. There was a significant time�by�treatment effect in the fatigued group (F 1,33 = 4.42, P = 0.04, η 2 = 0.12; those who were treated with therapeutic CPAP had significantly reduced MFSI�sf scores, in comparison with those treated with placebo CPAP (see Table 2 ). The time�by�treatment interaction in the nonfatigued group was not significant (F 1,22 = 0.88, P = 0.36, η 2 = 0.04). A similar story emerged when the POMS fatigue scale was used as the outcome measure. We performed a median split, breaking the groups into high (POMS ≥ 6) and low (POMS < 6) fatigue groups and conducting a repeated�measure ANOVA with POMS fatigue scores as the outcome measure. Again, therapeu� tic�CPAP and placebo�CPAP groups did not differ significant� ly in terms of the proportion of excessively fatigued (47.5%) versus not fatigued (52.5%) participants (χ 2 = 0.85, P = 0.36). Results of the ANOVA showed a significant time�by�treatment effect in the fatigued group (F 1,26 = 8.34, P < 0.01, η 2 = 0.24), whereby the therapeutic�CPAP group had significantly reduced POMS fatigue scores in comparison with the placebo group (see Table 2 ). In contrast, the time�by�treatment interaction in the nonfatigued group was not significant (F 1,29 = 0.60, P = 0.44, η 2 = 0.02).
DISCUSSION
Individuals with OSA experience significant sleepiness and fatigue. The aim of this study was to identify whether treat� ment with therapeutic CPAP was associated with improvement in sleepiness, fatigue, and vigor above and beyond nonspecific placebo effects. Findings revealed that, over a 3�week interven� 3�week interven� �week interven� tion period, treatment with therapeutic CPAP reduced fatigue and increased energy. In fact, at the end of treatment, mean scores from the therapeutic�CPAP group indicated that partici� pants were no longer suffering from clinically significant levels of fatigue. 14 The convergence of results, demonstrated by de� Previous work from our group failed to discern a specific ben� eficial effect of CPAP treatment on fatigue levels after 1 and 2 weeks of treatment. 9, 10 On the other hand, this study found clear and compelling evidence that a 3�week CPAP intervention led to significant improvements of fatigue and sleepiness. The con� vergent validity of these observations is striking, given that they were supported by multiple measures (MFSI�sf fatigue, POMS fatigue, POMS vigor, and ESS). Current planned National Insti� tutes of Health initiatives to examine long�term effects of CPAP in a double�blind fashion will be able to determine if these ben� eficial effects of CPAP persist in longer�term trials and in pa� tients with OSA who have additional comorbidities.
Finally, we are left with questions about what mechanisms underlie the observed changes in fatigue. A possible theory is that CPAP reduces inflammation in patients with OSA, which thereby impacts fatigue. Patients with OSA have increased levels of local (upper airway) and systemic inflammation. 21 In� creases in inflammatory markers in individuals with OSA have been related to elevated fatigue. 5, 22 In turn, CPAP used continu� ously for more than 4 hours per night has been shown to reduce markers of inflammation. 23 A logical next step in this research would involve extended studies focused on the long�term use of CPAP and associated measures of inflammation and fatigue.
In summary, patients with OSA who received therapeutic CPAP (vs placebo) had significant reductions in fatigue and re� ported improved vigor over a 3�week treatment period. CPAP appeared to be especially beneficial in reducing fatigue in those who were excessively fatigued or sleepy before treatment.
